ABSTRACT
INTRODUCTION
In the past years, the consumer preference for natural products increased, and as a consequence, the interest in searching for new antioxidants sources, in particular aromatic herbs and spices, also increased. Furthermore, herbs and spices have been utilized since antiquity for their culinary qualities and they also served as natural food preservatives to prevent deterioration of food quality that occurred during the processing and storage, mainly due to oxidative processes, resulting in losses of color and nutritional value, development of off-flavors, changes in texture and in the general appearance. In recent studies, the antioxidant activity of some spices and herbs using radical scavenging methods, in particular 2, 2'-diphenyl-β-picrylhydrazyl (DPPH • ) and 2, 2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS •+ ), have been investigated. However, different solvents were employed to obtain the extracts, making it difficult to compare the antioxidant activity values amongst the studies. In addition, the results of the DPPH • scavenging were given in different unities, such as % activity (Cervato et al., 2000) , % activity in relation to control (Capecka et al., 2005) , % activity related to caffeic acid (Exarchou et al., 2002) or to pyrogallol (Nuutila et al., 2003) , IC 50 or EC 50 Hinneburg et al., 2006; Kosar et al., 2005) . Most of the results obtained with the ABTS radical has been reported as Trolox equivalent antioxidant capacity (TEAC) (Dorman et al., 2003; Murcia et al., 2004; Tsai et al., 2005) , although ascorbic acid equivalent has also been used (Chun et al., 2005) . Conflicting results regarding the free radical scavenging activity are also found in the literature. Using DPPH • , the extract of dried oregano obtained with methanol/water (8:2) showed 83 % activity (Capecka et al., 2005) , similar to 80 % of activity obtained for both aqueous and methanolic extracts of this spice (Cervato et al., 2000) . On the other hand, ethanolic and acetonic extracts also from oregano showed, respectively, 99 and 54 % activity (Exarchou et al., 2002) . The methanol extracts from dried red spring onion showed higher radical scavenging activity than that of dried garlic (Nuutila et al., 2003) , but Miller et al. (2000) reported higher activity of fresh garlic extracts than those of fresh onion. There are few studies concerning the ABTS
•+ scavenging capacity of spices and herbs extracts. Murcia et al. (2004) found that the aqueous extracts from nutmeg and ginger presented TEAC values higher than BHT. Tsai et al. (2005) found that the ginger aqueous extract showed higher antioxidant activity than those from garlic and onion. On the other hand, garlic and onion methanolic extracts showed reasonable antioxidant capacity compared to other vegetables (Chun et al., 2005) . Both DPPH • and ABTS •+ radical tests were carried out for few herbs and spices extracts. Deodourized aqueous extracts from rosemary and sage were the two most active extracts against the radicals DPPH • and ABTS •+ , followed by oregano and thyme (Dorman et al., 2003) . Fresh garlic from three different countries showed similar results for the antioxidant activity using DPPH • and ABTS
•+ assays (Gorinstein et al., 2005 
MATERIALS AND METHODS

Materials
Preparation of the extracts
Before extraction, all the dried spices and herbs were ground in an electric coffee grinder (Eastern Electric, CM 180) for 20 seconds. Five grams of each sample were extracted with 50 mL ethanol on a table shaker at 120 rpm for 15 h. Then the extract was filtered, and the residue was reextracted with 20 mL ethanol for 3 h. The filtrates were combined and the very fine particles that eventual remained were separated by centrifugation at 3000 rpm for 20 minutes. The crude extracts were diluted using ethanol according to the assay needs.
ABTS radical cation decolorization assay
The free radical scavenging activity of the ethanolic extracts was carried out based on a method developed by Re et al. (1999) , with few modifications. Since the maximum absorption wavelength of the radical was observed at 750 nm, the absorbance of the extracts and standard reactions were measured at 750 nm, instead of 734 nm, as did Re at al. (1999) . The decrease in the absorbance was determined at room temperature after 0, 6, 12, 18, 24 and 30 min, and every 10 minutes thereafter until the reaction reached the steady state or until the absorbance decreased less than 10% compared to the last reading, in order to obtain the kinetic curves of the antioxidant activity of all samples and for the standard Trolox. The activities of the sample extracts were calculated through the range of the dose-response curve of Trolox according to equation 1, and expressed as Trolox equivalent antioxidant capacity (TEAC).
where A o is the absorbance of the uninhibited radical cation and A f is the absorbance measured 30 minutes after addition of the sample extracts or 6 minutes after addition of Trolox solution. In addition, using the TEAC values, the rate constant (k obs ) was calculated according to the first-order kinetic model. All reactions were performed in triplicate.
DPPH radical assay
The radical scavenging capacities of each ethanolic extract in different concentrations were estimated according to the method of BrandWillians et al. (1995) . Different aliquots of the sample extracts were added to 3 mL of a 6 x 10 
RESULTS AND DISCUSSION
The capability of the ethanolic spice and herbs extracts to scavenge both radicals, DPPH • and
ABTS
•+ , and their first-order rate constants (k obs )
are shown in Table 1 .DPPH • assay was not performed for chives, colorifico and parsley extracts because they showed high absorbance at 515 nm, interfering with the measurement. All curves (Fig. 1) for both radicals showed to follow the first order kinetics model (0.83 ≤ R 2 ≤ 0.99, p < 0.002). According to Table 1 , the following performance order of the extracts analyzed by DPPH • , expressed as EC 50 , was sage > rosemary = laurel > thyme > allspice > oregano > nutmeg > marjoram > savory > ginger > garlic > basil > tarragon > dill = cumin > caraway > black pepper > coriander > cardamom > onion. Concerning DPPH • expressed as TEAC, there were some changes in the ranking order, oregano presented a free radical scavenging capacity equal to thyme, and dill was better antioxidant than tarragon and cumin. The extracts presented the following order obtained by the ABTS •+ decoloration assay: sage > rosemary = nutmeg ≥ oregano > allspice = laurel > thyme = marjoram = ginger > savory > garlic ≥ basil ≥ dill = parsley ≥ cumin = black pepper = tarragon > chives > caraway > colorifico > cardamom > coriander > onion. The same ranking order for the free radical scavenging activity measured by the DPPH • test was found by Kosar et al. (2005) for sage, rosemary, thyme, oregano, savory and basil. In addition, the same order as found in the present work was reported by Dorman et al. (2003) for aqueous extracts in the ABTS •+ assay: sage > oregano > rosemary > thyme. On the other hand, rosemary and oregano extracts obtained with different solvents presented higher DPPH
• scavenging activity than sage (Exarchou et al., 2002; Dorman et al., 2003; Bertelli et al., 2004) . Colorifico showed lower TEAC value (2.64) when compared to the other herbs and spices analyzed in this study. Since bixin was found to be the major carotenoid in colorifico (Mercadante, 2001; Tocchini and Mercadante, 2001) , this value could be compared to other studies where similar ABTS
•+ TEAC values for some carotenoids were found, like lycopene (2.5 and 2.9), β-carotene (1.4 and 1.9), α-carotene (1.9 and 1.3) and β-cryptoxanthin (2.0) (Bohm et al., 2002; Miller et al., 1996) . • concentration to 50%, although the rosemary extract showed higher activity than that of laurel, as compared to Trolox. On the other hand, the rosemary extract could be considered a slow action free radical scavenger compared to the laurel extract. Explanations for this behavior could be probably due to different compounds responsible for the antioxidant activity (Shan et al., 2005; Skerget et al., 2005) . Second, garlic and basil showed the same EC 50 and TEAC values but the k obs obtained for garlic (0.22) was higher than that for basil (0.13). This meant that the same amount of both herbs was able to decrease 50% of the initial DPPH • level; furthermore the free radical scavenging qualities of the compounds present in both extracts were also similar. However, the garlic extract could be considered a free radical scavenger of fast action. It is well known that garlic has organosulfur compounds as the main responsible substances of its antioxidant activity (Nuutila et al., 2003) , whereas in basil the antioxidant activity is mainly due to phenolic compounds (Shan et al., 2005) . Finally, black pepper, savory, nutmeg, rosemary and sage presented the same k obs values but different EC 50 and TEAC values. This meant that all of them reacted at the same rate and reached the steady state at almost the same time; however, they showed different free radical scavenging capacities. Among the samples of this group, black pepper showed the lowest free radical scavenging capacity while sage the highest one. respectively. In other words, the same extract of sage could act like a slow action or a fast action antioxidant depending on the radical assay applied. The same occurred for other spices as seen in Table 1 for basil, caraway, and rosemary among others. In summary, the two radical scavenging assays gave similar antioxidant activity trends for the ethanolic extracts of all spices and herbs analyzed in this study. Since, free radical scavenger is an important mechanism for the inhibitory activity towards lipid peroxidation, and can be a good marker for antioxidant activity, the results indicate that the addition of some spices and herbs to food products can prevent their oxidative deterioration in foods.
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